Abstract: Heterohybridomas, created to secrete monoclonal antibodies, are generally unstable over long-term culture because of chromosome elimination during culture. To evaluate the karyotype of heterohybridomas, we used simultaneous genomic in situ hybridization (GISH), which can distinguish unambiguously between parental genomes in allopolyploid species. Using GISH, we discriminated gerbil and mouse chromosomes in heterohybridomas with high sensitivity. The GISH technique will allow evaluation of the stability and crossability of heterohybridomas made from the fusion of mouse cells with those of related species.
Introduction
Mongolian gerbils (Meriones unguiculatus) are extensively used in animal models of infectious diseases and have become attractive for the study of human pathogens such as Helicobacter pylori [12] . in particular, the gerbil is a valuable source of monoclonal antibodies (mabs) to various pathogens. We previously established gerbil-mouse heterohybridomas that secreted gerbil mabs to keyhole limpet hemocyanin (kLH) for several months [10] . However, heterohybridomas are generally unstable in long-term culture due to the chromosomal elimination and stop secreting mabs. Therefore, heterohybridomas must be karyotyped and cloned periodically. karyotyping in hybrid cells generally uses banding and differential staining techniques; for example, the trypsin-Giemsa banding method is used to distinguish species-specific chromosomes in mouse-rat and mousehamster heterohybridomas [8, 9] . This method, however, cannot detect many structural changes or interspecies chimeric chromosomes, requires highly skilled personnel, and is time-consuming. also, an accurate G-banding pattern in the gerbil has not been established, unlike the case of the mouse and human. Moreover, detection of small chromosomal rearrangement, such as translocations and insertions, can be extremely difficult with G-banding methods. To reduce these problems, fluorescence in situ hybridization (FiSH) techniques with genomic DNa are used to discriminate parental chromosomes in cell hybrids such as mouse-hamster [1] , mouse-human [5] , canine-mouse [6] , and rat-mouse [3] . However, these techniques are conducted by the discrimination of either species chromosome to a chromosome spread with hybrid cells. in order to identify accurately the chromosomes of both species, it is necessary to examine the hybrid cells simultaneously using both genomic DNa probes in the same chromosome spread.
Simultaneous genomic in situ hybridization (GiSH)/ whole chromosome painting with each genomic DNa probe makes it possible to discriminate among different genomic DNa on the same chromosome spread and de- tect chromosomal rearrangement [2] . However, there is no report of the use of this technique for discrimination of parental chromosomes in heterohybridoma as far as we know. Here, we attempted to discriminate gerbil and mouse chromosomes in gerbil-mouse heterohybridomas by using simultaneous GiSH with genomic DNa probes from gerbil and mouse myeloma cells.
Materials and Methods

Animals
Mongolian gerbils bred in our laboratory [4] were maintained at 22 ± 3°c with lighting from 0500 to 1900 h (14 L:10 D). animals were given food pellets (Labo MR Stock, Nosan corporation, yokohama, japan) and water ad libitum. Three female gerbils, 20 weeks of age, were used in the experiment. all experimental procedures were conducted in accordance with the guidelines for animal experiments of the college of bioresource Sciences, Nihon University.
Chromosome preparations
Gerbil-mouse heterohybridoma lines b11D2(c2), b11E2(D5).M, b5-3, and D5 continuously secreting gerbil mab (which secrete gerbil igG1, igM, igG2, and igG2 [11] and have median chromosome numbers of 70, 68, 87, and 90 [10] , respectively) and mouse myeloma cells having a median chromosome number of 59 [10] (P3-X63-ag8.653, provided by the RikEN bioResource center) were cultured in RPMi-1640 medium (Wako, osaka, japan) supplemented with 10% heat-inactivated fetal bovine serum (jRH biosciences, Tokyo, japan), 100 U/ml penicillin (Meiji, Tokyo, japan), 100 µg/ml streptomycin (Meiji), MEM nonessential amino acids (Gibco, Life Technologies, Tokyo, japan), 5 × 10 −2 M 2-mercaptoethanol (Wako, Tokyo, japan), and 2 µg/ml NaHco 3 (Nacalai Tesque, Tokyo, japan). cells were maintained in a humidified incubator at 37°C under 5% co 2 . Media were changed three times a week. chromosomal preparations from gerbil bone marrow cells from three female gerbils, mouse myeloma cells, and gerbilmouse heterohybridomas were made by conventional methods [10] .
Simultaneous GISH
Total genomic DNa was extracted from mouse myeloma cells and gerbil splenocytes with a DNeasy blood & Tissue kit (Qiagen, Tokyo, japan) according to the manufacturer's protocol. Genomic probes of mouse and gerbil were labeled with biotin-16-dUTP by using a biotin-High Prime kit (Roche, Tokyo, japan; for mouse DNa) and with DiG-11-dUTP by using a Dig-High Prime kit (Roche; for gerbil DNa), respectively, according to the manufacturer's protocol. Labeled DNa probes were denatured at 95°c for 10 min. The hybridization mixture contained 50% formamide, 10% dextran sulfate, and each probe at a concentration of 5 ng/µl in 2× SSc (0.3 M Nacl, 0.03 M sodium citrate, pH 7). about 25 µl of hybridization mixture was put on a chromosomal preparation, which was then covered with a cover slip and sealed with rubber gum. The preparation was denatured at 73°c for 3 min on a hot plate and then incubated overnight at 37°c in a humid chamber. after incubation, the cover slip was floated off in 2× SSC; the slide was rinsed in 2× SSc at 42°c for 10 min, 1× SSc at 42°c for 10 min, and 2× SSc/0.2% Tween 20 at room temperature for 10 min twice; and then treated with 5% (w/v) bovine serum albumin in 2× SSc/0.2% Tween 20 for 10 min at room temperature. Signals in each slide were detected with 100 µl of 4 µg/ml alexa Fluor 488 streptavidin (Invitrogen, Tokyo, Japan; green fluorescence for mouse DNa) and 4 µg/ml anti-digoxigeninrhodamine (Roche; red fluorescence for gerbil DNA) in 2× SSc for 1 h at 37°c in a humid chamber. The slides were washed in 2× SSc/0.2% Tween 20 for 10 min twice, washed in 2× SSc at room temperature, and then mounted in Vectashield Mounting Medium (Vector Laboratories, burlingame, ca, USa) containing 500 ng/ml of 4',6-diamidino-2-phenylindole (DaPi). They were subsequently checked on an Olympus BX60 fluorescent microscope with U-MNUa2, U-MWiGa3, and U-MNIBA3 filter (Olympus, Tokyo, Japan) for DAPI, rhodamine, and alexa Fluor 488, respectively, and analyzed by the DP2-bSW software (olympus).
Results
GISH for gerbil and mouse chromosomes
Gerbil chromosomes (2n=44) were observed by DaPi staining (Fig. 1a) . Gerbil genomic DNa probes hybridized gerbil chromosomes (Fig. 1b) , while slight signals of mouse genomic DNa probes were found in gerbil chromosomes (Fig. 1c) . overlays of all three images showed violet fluorescence (Fig. 1d) .
The chromosomes of mouse myeloma cells were observed by DaPi staining (Fig. 2a) . The chromosome number of a cell of this line was 57 (Fig. 2) . Gerbil genomic DNa probes showed four strong signals on mouse chromosomes (white arrows in Fig. 2b and 2d) . Mouse genomic DNa probes hybridized all mouse chromosomes (Fig. 2c) .
Identification of gerbil and mouse chromosomes in heterohybridomas
The chromosomes of heterohybridoma line b11D2(c2) were observed by DaPi staining (Fig. 3a) . The chromo- some number of a cell of this line was 70 (Fig. 3) . Some of the chromosomes of the cell were identified as being of gerbil origin (Fig. 3b ) and others were identified as being of mouse origin (Fig. 3c) . The overlays in Fig.  3a -c show gerbil chromosomes (white arrows) as violet and mouse chromosomes as aqua (Fig. 3d) . in addition, the hybridization signal of each genomic probe covered almost the entire length of all 70 chromosomes (Fig. 3d) . The karyotype revealed 45 mouse and 25 gerbil chromosomes (Fig. 3e) . The cells of the other three lines showed similar hybridization patterns (Fig. 4a-c) . The cells of all four lines showed locally strong hybridization with gerbil probes on some mouse chromosomes (white arrows).
Discussion
in our previous study, we established several gerbilmouse heterohybridomas secreting gerbil mab. To achieve a higher ability to monitor cell stability, chromosomal composition, and rearrangement in the process of establishment of heterohybridomas, it is necessary to discriminate accurately between gerbil and mouse chromosomes in these cells.
our results revealed that simultaneous GiSH accurately discriminated between gerbil and mouse chromosomes including acrocentric chromosomes of each species in four gerbil-mouse heterohybridoma lines. Several locally strong signals from gerbil genomic DNa probes were detected on some mouse chromosomes in each heterohybridoma line. This result suggests the presence of regions with high sequence similarity in the gerbil and mouse, rather than chromosomal rearrangement such as insertions and translocations, based on detection of similar signals in mouse myeloma cells. in the case of a chinese hamster and mouse, when DNa probes from each mouse chromosome were hybridized to a chinese hamster chromosomes, DNa probes from mouse chromosomes 3, 4, 9, 14, 18, 19, and X each painted a single region on each chinese hamster chromosome, whilst mouse DNa probes from other chromosomes delineated multiple discrete chromosomal regions [13] . Similarly, conserved segments with locally strong signals on each chromosome between the rat and mouse, rat and human, or mouse and human have been reported by chromosome painting methods (Zoo-FiSH) [7] . Therefore, the result of this experiment also suggests that the several conserved regions in both species may be localized on mouse chromosomes, since overall slight and locally strong signals of gerbil genomic DNa probes were found in mouse chromosomes. on the other hand, the overall slight signals of mouse genomic probes may indicate that the conserved regions detected in mouse chromosomes are scattered throughout gerbil chromosomes.
in this study, we reported accurate discrimination between gerbil and mouse chromosomes using simultaneous GiSH. This technique may be useful in analyzing heterohybridomas for evaluation of cell stability and of crossability between mouse cells and those of closely related species such as the gerbil, rat, and hamster. although GiSH requires more sophisticated equipment, it may replace time-consuming karyotypic analyses of heterohybridomas such as G-banding and have the potential for more refined study of chromosome rearrangement such as translocations and insertions.
